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Description 

TECHNICAL FIELD TO WHICH THE INVENTION BELONGS 

s [0001] Tills invention relates to a thennoplastic resln-coated aluminum plate and articles formed from the same. 
More specifically, it relates to a themioplastic resin-coated aluminum plate which Is less liable to detect such as pty 
separation when subjected to drawing, ironing or caulking, ply separation with time, and peeling of the coating film if 
subjected to heat treatment after working, and which Is superior in working adhesion and heat-resistant adhesion after 
working, and to an article formed from such a thermoplastic resin-coated aluminum plate. 

10 

PRIOR ART 

[0002] Resin-coated metallic plates which have a thennoplastic resin coating film laminated on an aluminum or alu- 
minum alloy plate are used in various fields, making the most of their excellent properties such as workability, corrosion 

IS resistance and electrical insulation e.g. for casings of electrotytte aluminum capacitors. In these applications, since 
such resln-coated metallic plates are fomfied Into end articles, It is required that no peeling, crack or breakage develop 
In the thermoplastic resin coating film during the fomning step. In order to meet these requirements and to obtain 
thennoplastic resln-coated metallic plates supehor in working adhesion, various trials have been made. 
[0003] For example, there have been proposed a method in which a film of an epoxy resin having a surface analysis 

20 spectrum value measured by an X-ray electron spectroscopy below a predetemiined value is provided on the surface 
of a metallic material as a substrate film and a polyamide film Is laminated on this film (Japanese patent publication 
1 -238931 ), a method In which a coating comprising a fatty add or hydroxymethyl-substltuted phenol is formed as a 
substrate film on the surface of a metallic material, the coating is subjected to heat treatment at a temperature of 350 
^'C or above to form a heat-modified film, and a polyamide resin film is laminated on the film (Japanese patent publication 

25 3-2036) and a method in whrch a polyamkie resin having a diffraction strength within a predetermined range by X-ray 
diffraction is laminated on a metallic plate by melt extrusion (Japanese patent publication 11-245330). 

PROBLEIVIS THE INVENTION TACKLES 

30 [0004] Polyamide resln-coated metallic plates manufactured by such methods are less liable to peeling at worked 
portions In the drawing step, but the adhesion strength at the worked portions lowers as time passes. Thus, in order 
to prevent the adhesion strength from lowering with time, as proposed In Japanese patent publications 1-66030 and 
2-1 8043. it Is necessary to remeit the film by further heat treatment after forming such as drawing. 
[0005] Under such circumstances, in an attempt to solve all the above problems, the present Inventors have com- 

^ pleted the present Invention . 

1 . An object of the present invention is to provide a thermoplastic rssin-coatad aluminum plate which when it is 
subjected to Ironing or drawing, is less liable to ply separation or crack in the coated resin layer or film, or peeling 
of the resin coating film off the aluminum plate. 
^0 2. Another object Is to provide a thennoplastic resln-coated aluminum plate in which even after time has passed 

after working, the adhesion strength at the worked portions will not lower, and heat treatment after fomiing is not 
needed, and which is superior in working adhesion and adhesion after working. 

3. A further object is to provide a formed article made from such a thermoplastic resin-coated aluminum plate. 

^« IVIEANS TO SOLVE THE PROBLEMS 

[0006] According to the first invention of the present Invention, there Is provided a themnoplastlc resln-coated alumi- 
num plate comprising a semi-non-porous anodlzed film fomned on at least one side of an aluminum plate, a coating 
layer fornied on the seml-non-porous anodized film, and a themnoplastic resin coating film fomned on the coating layer 
50 [0007] According to the second invention of the present invention, there is also provided a fomned article made from 
a themnoplastic resln-coated aluminum plate, which Is fomned by working the themnoplastic resln-coated aluminum 
plate. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

55 

[0008] Below, the present invention will be described in more detail. 

[0009] In the thennoplastic resln-coated aluminum plate according to the present Invention, aluminum (Al) means 
pure aluminum and aluminum alloys. Specifically, pure aluminum 1000-family, Ai-Mn 3000-famIly alloys, and Ai-IVIg 
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5000-family alloys may be used. The aluminums are not limited to these examples. These aluminums arefomried Into 
plates having a thickness of 0.1-2 mm. If the themioplastic resln-coated aluminum plate Is used as an outer casing of 
an aluminum electrolytic capacitor, a 1 000-famlty or 3000-famlly Is preferable. 

[0010] The aluminum plate may be one subjected to various tempering treatments or pretreatments such as solution 
5 heat treatment and aging treatment. Pretreatment Is not particuiariy limited but may be any treatment which can remove 
fat and oil adhering to the sutface of the aluminum plate and unhomogeneous oxide film on the surface. For example, 
a method may be employed In which after degreasing treatment with a weakly alkaline degreasing liquid, alkali etching 
Is carried out with an aqueous solution of sodium hydroxide, and followed by desmat treatment In an aqueous solution 
of nitric add. After degreasing treatment, pickling may be carried out Also, etching may be carried out simultaneously 
10 with degreasing to roughen the surface to such an extent that the aluminum plate surface will not be colored, to Improve 
the anchoring effect. As etching methods, alkali etching with sodium hydroxide, acid etching with sulfuric acid, hy- 
drofluoric acid, etc., etching by electrolysis In an acidic solution such as nitric acid, etc. may be used. 
[001 1 ] Next, on at (east one side of the aluminum plate subjected to such pretreatment. a semi-non-porous anodized 
film Is formed. By forming it. It is possible to Improve adhesion between the aluminum plate and the thermoplastte resin 
IS coating, in order to fonn a semi-non-porous anodized film on the aluminum plate, it may be subjected to anodizing 
treatment in which it is electrolyzed in an electrolytic solution. 

[0012] IHens. "semi-non-porous" means that the ratio (called porosity) of the total area of pores present in the anodized 
film coating the surface of the aluminum plate to the total area of the anodized film Is 30% or less. If the porosity Is 5% 
or less, the film is called practically no n -porous. 

20 [0013] The pores are ones formed In the process of growth of the anodized film and extending from the aluminum 
substrate toward the film surface. Their sizes are 50-2000 angstroms In diameter and 50 angstromes or more In depth. 
In this Invention, the surface of the anodized film was observed under an electron microscope at 1 00000 x magnification 
to determine the area rate of the pores as the porosity (%). Such an area rate of pores can also be determined by 
observing the section of the anodized film under a high-magnification transmission electron microscope and the surface 

25 of the film. Also, while there exist places where no anodized film is formed at crystals and deposits present in the 
aluminum alloy and their surroundings, such places are not regarded as pores. Initially, a pore-less state is formed in 
the anodized film, and during forming of the film, pores are fomried. The porosity is calculated from the area of the 
openings existing In the surface In the stage In which the anodized film has been formed. 

[0014] The non-porous anodized film can be fomied by electrolysis In an electrolytic aqueous solution low In solubility 
30 of the anodized film, using aluminum as an anode. Specif ically, adipate, malonate, phthalate, silicate, etc. can be used . 
Using such an electrolyte, it is possible to adjust the porosity relatively low. Also, even if an electrolyte having high 
solubility of the film such as sulfuric acid or phosphoric acid is used, If electrolysis is stopped in the stage before it 
becomes porous, i.e. in the stage In which it is changing from non-porous to porous film, it is possible to fonn a non- 
porous or semi-non-porous film, if such a high-soluble electrolyte is used, if It is electrolyzed to nomnal film thickness 
35 without paying particular attention to the porosity, It will become a porous film exceeding the predetemfilned porosity. 
[001 5] The thickness of the semi-non-porous anodized film may be selected within the range of 50-3000 angstroms. 
If it is lass than 50 angstroms, it is drfficult to fonn the film unifonnly, so that sufficient adhesion with the thennoplastic 
resin coating Is not obtainable. Also, pin holes may develop and aluminum melt out. On the other hand. If the film 
thickness exceeds 3000 angstroms, the aluminum surface may present a yellow, purple or white appearance due to 
^0 light Interference by the semi-non-porous anodized film, or cracks tend to develop during forming. This Is not preferable 
from a viewpoint of the appearance of the product and melting out of aluminum. The thickness of the semi-non-porous 
anodized film is especially preferably 100-2000 angstroms. 

[0016] The thickness of the semi-non-porous anodized film can be adjusted by adjusting electrolyzing conditnns 
such as the length of time during which the aluminum plate is immersed in an electrolytk: solution (electrolyzing time). 
^ kind of the electrolytic aqueous solution, concentration of the electrolyte, pH and temperature of the electrolytic aqueous 
solution, voltage and cun^ent density. The elecrolyzing time may be selected within the range of 2-200 seconds, though 
depending on the electrolyzing conditions. 

[0017] As the electrolytic solution, one which hardly dissolves the semi-non-porous anodized film formed and which 
produces a non-porous anodized film would be acceptable. Preferably, an electrolytic aqueous solution may be used 

50 in which is dissolved one or two or more electrolytes selected from the group consisting of adipate succinate, citrate, 
malonate and silicate, and which Is low In film dissolving properties. But it Is not limited thereto. The concentration of 
the electrolyte In the electrolytic aqueous solution is preferably 2-150 g/l. If It Is lower than 2 g/l, unevenness tends to 
develop in the film. On the other hand, if over 150 g/l, the electrolyte hardly dissolves and settling may occur 
[0018] The temperature of the electrolytic aqueous solution Is preferably 40 ''C or over. If lower than 40 <»C the 

55 solubility of the electrolyte is low, so that the voltage loss due to liquid resistance increases. If above 60 **C, heating 
cost is high. Thus, the temperature of the electrolytic aqueous solution is preferably 40 -60 'C. in particular, if It is 
50-60 ''C, It Is effective In reducing the water content of the non-porous anodized film and thus Is particuiariy preferable. 
Also, the hydrogen ton concentration (pH) of the electrolytic aqueous solution Is preferably within the range of 3-8. If 
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the pH Is lowar than 3, the anodized film tends to become porous. If It exceeds 8, the film produced may melt or the 
film forming rate lowers, so that the predetemilned thickness cannot be obtained. 

[0019] In the electrolytic aqueous solution, the aluminum plate Is electrotyzed, connected to a power source so as 
to serve as an anode even If it is continuous or discontinuous. For the cathode, an Insoluble conductive material is 

s used. The applied voltage Is adjusted according to the thtcloiess of the target film, and Is approximately 3-200 V. For 
electrolysis, a DC current Is used. The cun-ent density should be about 0.3-1 0 A/dm^. If It Is less than 0.3 A/dm^. a long 
tone Is needed tor the film fomnation, so that It Is impossible to quicldy and continuously eiectrolyze an aluminum plate 
In a coll fomn. On the other hand, It over 10 A/dm^, surface loss such as film burning tends to develop. 
[0020] Anodizing treatment may be carried out to an aluminum plate subjected to such worldng as pressing, but Is 

10 preferably carried out to an unworked aluminum plate after extending it wound In the shape of a coll into an elongated 
article. It is because this makes it possible to quickly cany out anodizing for a large amount of a raw material aluminum 
plate. 

[0021 ] Water may be contained in the semi-non-porous anodized film. But the water content of the semi-non-porous 
anodized film Is preferably 5 wt% or less. This Is because during heating for coating the aluminum plate with a ther- 
f5 mopiastic resin film, water is released from the seml-non-porous anodized film, so that the adhesion may deteriorate. 
Also, electrolytic compounds such as phosphate and adipate may be contained In the seml-non-porous anodized film. 
The content of such electrolytic compounds is preferably 3 wt% or less. If ft exceeds 3 wt%, the adhesion with the 
thermoplastic resin coating film may lower, or the perfonnance of the product formed from the aluminum plate may be 
influenced. 

20 [0022] The thermoplastic resin-coated aluminum plate according to the present Invention has a treated coating layer 
formed on the seml-non-porous anodized film. The treated coating layer Is a coating layer formed by applying one 
selected from the group consisting of silane coupling agent, epoxy resin, fatty acid and hydroxy-substituted phenol on 
the seml-non-porous anodized film and drying It. 

[0023] The silane coupling agent is an organic silicon monomer having two or more reacUve groups in one molecule 
25 one of the two reactive groups being a reactive group that chemically binds to inorganic substances (such as glass 
and metal) and the other being a reactive group that chemically binds to an organic substance (including various 
synthetic resins). Such reactive groups Include vinyl group, amino group, epoxy group and acryl group. The reacth^e 
groups that bind to the seml-non-porous anodized film of the aluminum plate, which Is an inorganic substance, are not 
particularly limited, but Include methoxy groups, ethoxy groups, sllanot groups, etc. The layer of silane coupling agent 
30 strongly binds to the aluminum plate by forming an AI-O-SI bond. It exhibits strong binding force with a thermoplastic 
resin due to reaction of organic functional groups in the silane coupling agent with the resin, so that a strong bonding 
force Is Imparted between the aluminum plate and the thermoplastic resin coating film. 

[0024] As such sliane coupling agents, aminosilane coupling agents such as y-amlnopropyi triethoxy silane, N-p 
(amlnoethyl)Y-amlnopropyl trlmethoxy sliane, and N-p (amlnoethyl)7^amfnopropyl methyldlethoxy silane; trimethyl- 
35 methoxy silane, vinyltrlethoxysllane, vinyltrls (P -methoxy-ethoxy)sllane, dh^lnyldlmethoxysllane, Y^glycydoxypropyltrl- 
methoxysllane, y -methacryloxypropyl trimethoxy silane, etc. As silane coupling agents, though not limited thereto, the 
abovementioned aminosilane coupling agents are more preferable. 

[0025] The amount of the silane coupling agent applied to the seml-non-porous anodized film on the surface of the 
aluminum plate Is preferably 0.1-1000 mg/m^. if it Is less than 0.1 mg/m^, a sufficient t)ondlng strength would not be 

^0 obtained against the thermoplastic resin coating film. If over 1000 mg/m^, the bonding strength would reach saturation, 
not proportional to the amount of application. Also, silane coupling tends to occur and this makes handling dilTicutt. 
[0026] The silane coupling agent on the seml-non-porous anodized film on the surface of the aluminum plate Is 
preferably applied after diluting it with a volatile solvent such as alcohol. The manner of application is not particularly 
limited. Any known method may be used such as roll coating, spray coating, bar coating or dipping. After application. 

45 It is preferably dried by volatilizing and sputtering the soh^ent. 

[0027] As the epoxy resin, besides a bisphenol A type epoxy resin obtained by reacting epk^iorhydrln with btsphenol 
A, a bisphenol F type epoxy resin, and a bisphenol AD type epoxy resin, a novolac type epoxy resin, olesocresol 
novolac type epoxy resin, cycloallphatic epoxy resin, glycerin triether type epoxy resin, and polyglyddyl amine type 
epoxy resin can be used. For such an epoxy resin, its molecular weight is preferably 330-3000 and its epoxy equivalent 

so amount Is preferably 150-3000. 

[0028] The fatty acid may be a lower fatty acid or a higher fatty acid and It may be palmitic acid, stearic acid, oleic 
acid, laurlc acid, myristic acid, behenic acid, etc. Also, as the hydroxy-substltuted phenol, sallcyl atoohol, o-hydroxyme- 
thyl-P-cresoi, etc. may be used. 

[0029] The epoxy resin, fatty acid or hydroxy-substltuted phenol may be applied on the seml-non-porous anodized 
55 film singly or after diluting with a volatile solvent such as methylethylketone. acetone, trichlene or alcohol. Also, for the 
purpose of preventing pollution of the work environment, effective components such as epoxy resin, fatty acid or hy- 
droxy-substltuted phenol may be applied In the fonn of an aqueous emulsion obtained by diluting with an aqueous 
diluent. In diluting, the concentration of the effective conrponents is preferably selected from the range of 1-60 wt%. 
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[00301 As an application method, any ordinary coating method such as a gravure-roil method, reverse-roll method, 
kiss-roil method, air-knife coating, roil coating, spray coating, bar coating or dip coating may be used. As a drying 
method, they may be left for several hours at nomnai temperature, or they may be baked at a high temperature of e.g. 
80-180 ^C. If the latter method is used, it Is efficient to carry it out on the same line as the below-described heat 
s treatment at 250 ''C or over. Also, tt Is possible to simultaneously carry out the bake drying and the heat treatment at 
250 or over. 

[0031] The thickness of the coating formed of epoxy resin, fatty acid, or hydroxy-substituted phenol is preferably 
about 0.01 -1 0 \xm. Also, the coating is preferably heat-treated at a temperature of 250 *'C or over Into a heat-moditled 
coating. This increases the bond strength between the seml-non-porous anodized film fomried on the surface of the 

'0 aluminum plate and the thermoplastic resin coating film. The reason why the bond strength Increases by heat treatment 
at such a temperature Is not clearly known, but this is presumably because the epoxy resin, fatty acid or hydroxy- 
substituted phenol is chemically modified to exhibit a strong binding force with the alumln um plate and the themnoplastic 
resin coating, if the heat treatment temperature is less than 250 ^'C. heat modification will not be sufficient to exhibit a 
good adhesion when a thermoplastic resin coating film is laminated on the heat-modified coating. 

IS [0032] For the themnoplastic resln-coated aluminum plate according to the present Inventton, a thermoplastk: resin 
coatlngfllm Is formed on the treated coating layer. As the thermoplastic resin, it is not specifically limited butthe following 
may be used: polyester resins such as a copolymer polyester resin obtained by replacing part of a terephthallc actei 
which Is an add component of polyethylene terephthaiate, polybutylene terephthalate, ethylene terephthalate or buty- 
lene terephthalate with another acid; and a copolymer polyester resin obtained by replacing part of ethylene glycol of 

^ ethylene terephthalate or buthylene terephthaiate with another alcohol; a resin blend obtained by blending two or more 
such polyester resins; a polyamkie resin such as polyamlde 6, polyamide 66. copolymer potyamlde 66-6, polyamide 
6-10, polyamide 7, polyamide 12, poiymetaxyiylene adipamide; polyolefins such as polyethylene, polypropylene, eth- 
yienepropylene copolymer resin; poiyolefinic resins obtained by actd-modlfying using maleic acid; polycartonate: pol- 
yethylene naphthalate; fluorine resin. 

25 [0033] The coating film comprising such themrioplastk: resins may be of a single layer or a multllayered one containing 
two or more layers of different resin coating films. The coating film comprising such thermoplastk) rsslns may be a non- 
stretched, non-oriented coating film or a coating film stretched and oriented In one or two directions. The thickness of 
the coating film comprising a themriopiastic resin is preferably 5-100 jun. If It is less than 5 }im. It is difficult to laminate 
it uniformly on the surface of the aluminum plate. Further, when the themrKjplastIc resin-coated aluminum plate obtained 

so is subjected to drawing or ironing, cracks tend to develop in the resin layer, thus decreasing the perfomnance. On the 
other hand, if it exceeds 1 00 iim, it is economically disadvantageous. In order to improve adhesion and wettability, the 
coating film comprising themriopiastic resin should be subjected to surface treatment such as corona treatment, coating 
treatment or flame treatment. 

[0034] The method of manufacturing a themnoplastic resln-coated aluminum plate according to the present Invention 
35 Is not particularly limited, but It may be manufactured by an extaision method in which a molten thennoplastlc resin Is 
directly extruded onto the surface of the aluminum plate in a film-like shape from an extruder equipped with a die such 
as a T-die or an l-die to laminate it, or by a film laminating method in which a thermoplastic resin filmfomned beforehand 
by an Inflation method. T-dle method, calender method, etc. Is brought Into abutment with the aluminum plate, which 
has been heated to or over the melting point of the resin, and the film Is laminated by sandwiching them between a 
40 pair of laminate rolls. The manufacturing method is not limited to the abovesald ones. 

[0035] The thermoplastic resln-covered aluminum plate Is fornied by any desired method Into a fonned product. As 
examples of such fomiing methods, press fonning methods such as drawing method. drawing-re-drawIng method, 
drawing-puiling-bending-stretching method and drawing-ironing method. 

[0036] The thermoplastic resin-coated aluminum plate according to the present inventton can be used as wail surface 
45 materials, partitioning plate materials, and design plate materials for buildings. Also, fomied products made of the 
thermoplastic resln-coated aluminum plate can be used e.g. as an outer casing of an aluminum electrolytic capacitor. 

[Examples] 

so [0037] Hereinbelow, the present invention will be described below specifically by Examples and Comparative Exam- 
ples. The present invention is not limited to the below-described Examples. 

[0038] The thermoplastic resln-coated aluminum plates prepared In the below-described methods were evaluated 
in the below-described methods. 

S5 (a) Porosity: Thennoptasttc resin-coated aluminum plates were magnified 100 thousand times under a scanning 

electron microscope and 10 artitrary locatk>ns were observed to calculate the total area of the pores present on 
the surface of the aluminum plate, and the porosity was calculated by dlvMlng the total area of the pores by the 
entire area of the aluminum plate. 
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(b) Pressability: For each coated plate specimen. 7-step drawing was carried out using a progressive drawing 
nnachine so that container outer surfaces would be resin layers to form 100 cylindrical containers (ironing rate: 
20%) 10 mm dla. x 20 mm hlgh» and the peeling between layers was visually observed. Those having no ply 
separation at all wens determined as non-defectives and the evaluation results were shown In temns of non-de- 

5 fecdve rate (%}. 

(c) Caulkablllty: While turning the cylindrical containers 1 0 mm dfa, x 20 mm high at a revolving speed of 1 00 rpm , 
a disk-like caulking roller (having a semicircular side with a radius of 1.5 nnm} was pressed to caulk them to a 
diameter of 7.5 mm (diameter change rate = 25%), and the peel state between layers was visually observed. The 
100 containers were checked and those having no ply separation were determined as non-defectives, and the 

10 evaluation results were shown in temis of non-defective rate (%). 

(d) Change with time 1 0 days later: For the 1 00 containers used In the "caulkablllty test", the peel state between 
layers of the container after 1 0 days had passed since working was checked, those having no ply separation were 
determined as non-defectives, and the evaluation results were shown in terms of non-defective rate (%). 

(e) Comprehensive evaluation: TTiose of passable quality In all of the ttems (a)-(d) were determined as good ''Cr 
IS and those not passable even In one Item were detemilned as bad "x Those not bad but of lower quality than 

passable ones were marked "A". 

[Example 1] 

20 < Preparation of themiopiastic resin-coated aluminum plate> 

[0039] The surface of an aluminum (under JIS1 1 00) plate having a thickness of 0.3 mm was subjected to etching In 
a 1 0% sodium hydroxide aqueous soiutton at 50 ''C for 30 seconds, neutralization In a 1 0% nitric acid aqueous solution 
and rinsing for 10 seconds. Next, the aluminum plate was subjected to electrolyzing for 120 seconds in a 2% adipic 

25 acid ammonium aqueous solutk>n with the electrolyzing voltage of 7 V and cun^ent density of 3.0 A/dm^ to fonn a non- 
porous anodized film having a thickness of 100 angstromes on the surface of the aluminum plate. 
[0040] After the electrolyzing treatment, the aluminum plate was rinsed for 30 seconds and dried at a temperature 
of 120 *»C . On the non-porous anodized film of the aluminum plate, an epoxy sllane coupling agent was applied at a 
rate of 900 mg/m^. After drying, the aluminum plate was heated to a temperature of 250 ""C, and a film of polyamlde 

30 6 having a thickness of 15 ^m was laminated on the surface on which was applied the coupling agent to obtain a 
polyamide resin-coated aluminum plate. 

<Evaluatlon of the product> 

^ [0041] For the polyamlde resin-coated aluminum plate thus obtained, the evaluation results by the above method 
are shown in Table 1 . 

[Example 2] 

40 [0042] Except that the electrolyzing voltage was changed to 70 V, elecrolyzlng was carried out In the same manner 
as In the Example 1 to fomri a no n -porous anodized film having a thickness of 1000 angstroms on the surface of the 
aluminum plate. On the non-porous anodized film, an amino sllane coupling agent was applied at a rate of 50 mg/m^. 
After drying, the aluminum plate was heated to a temperature of 250 °C and a film of polyamide 6 having a thickness 
of 15 (im was laminated on the surface on which was applieid the coupling agent, in the same manner as in Example 

^ 1 to obtain a polyamide resin-coated aluminum plate. For the polyamide resin-coated aluminum plate obtained, the 
evaluation results are shown in Table 1 . 

[Example 3] 

so [0043] Except that an amino silane coupling agent was applied at a rate of 0.1 mg/m^ on the non-porous anodized 
film having a thickness of 1000 angstroms, a film of polyamlde 6 having a thickness of 15 pm was laminated on the 
surface on which was applied the coupling agent In the same manner as In Example 2 to obtain a polyamlde resln- 
coated aluminum plate. For the polyamlde resln-coated aluminum plate obtained, the evaluation results are shown In 
Table 1. 

55 

[Example 4] 

[0044] Exceptthat the electrolyte was changed to a 2% phosphate-ammonium aqueous solution and the electrolyzing 
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vottage was changed to 140 V to form a non-porous anodlzed film having a thickness of 2000 angstroms, an epoxy 
sllane coupling agent was applied at a rate of 50 mg/m^ in the same manner as In the Example 1 and a polyethylene 
terephthalate film was laminated to obtain a polyester resln-coated aluminum plate. For the resln-coated aluminum 
plate obtained, the evaluation results are shown in Table 1 . 

5 

[Example 5] 

[0045] Except thatthe electrolyte was changed to a 2% sodium silicate aqueous solution and the electrolyzing voltage 
was changed to 200 V to fonn a non-porous anodlzed film having a thickness of 2800 angstroms, a coupling agent 
io was applied and a film of polyamlde 6 was laminated In the same manner as In Example 2 to obtain a polyamlde resin - 
coated aluminum plate. For the resin-coated aluminum plats obtained, the evaluation results are shown In Table 1 , 

[Example 6] 

15 [0046] in Example 1 , the electrolyte was changed to a 2% adipic acid-ammonium aqueous solution and the electro- 
lyzing voltage was changed to 180 V to form a non-porous anodized film having a thickness of 2500 angstroms. On 
the non-porous anodized film, an acrylic sllane coupling agent was applied at a rate of 50 mg/m^. After drying, the 
aluminum plate was heated to a temperature of 250 ^'C, and a maieic anhydride-modified polypropylene film having a 
thickness of 1 5 jim was laminated on the surface on which was applied the coupling agent to obtain a polypropylene 

20 resln-coated aluminum plate. For the aluminum plate obtained, the evaluation results are shown in Table 1 . 

[Comparative Example 1 ) 

[0047] Except that the electrolyzing voltage was changed to 3 V, electrolyzing was canned out In the sanr^e manner 
25 as in Example 1 to fonn a non-porous anodized film having a thickness of 40 angstroms on the surface of an aluminum 
plate. A film of polyamkle 6 having a thickness of 1 5 was laminated in the same manner as in Example 1 to obtain 
a polyamlde resln-coated aluminum plate. The aluminum plate obtained was evaluated. The results ana shown in Table 
2. 

30 [Comparative Example 2| 

[0048] The surface of an aluminum (JISIIOO) plate having a thickness of 0.3 mm was subjected to etching In the 
same manner as in Example 1 . Thereafter, It was treated with chromate phosphate with the chrome amount after drying 
set at 20 mg/m^. On the chromate phosphate-treated surface, an amino siiane coupling agent was applied at a rate 
35 Of 50 mg/m^. After drying, a film of polyamlde 6 having a thk^kness of 15 |xm was laminated on the surface on which 
was applied the coupling agent, in the same manner as In Example 1 to obtain a polyamlde resln-coated aluminum 
plate. For the polyamlde resin-coated aluminum plate obtained, the evaluation results are shown in Table 2. 

[Comparative Example 3] 

40 

[0049] Except that the amount of the amino siiane coupling agent was changed to 0.07 mg/m^, in the same procedure 
as in Example 2, after drying a film of polyamlde 6 having a thickness of 15 ^m was laminated on the surface on which 
was applied the coupling agent, in the same manner as in Example 2 to obtain a polyamlde resin-coated aluminum 
plate. For the aluminum plate obtained, the evaluation results are shown in Table 3. 

45 

[Comparative Example 4] 

[0050] In Example 2, electrolyzing treatment was carried out for 8 seconds at a temperature of 20 ^C with the elec- 
trolyte changed to 10% sulfuric acid aqueous solution and the current density to 1 .0 A/dm^ to form an anodized film 

so having a thickness of 3000 angstroms on the surface of the aluminum plate. The porosity of the anodized film was 
30% or over. On the anodized film, an amino sllane coupling agent was applied at a rate of 50 mg/m^. After drying, a 
film of polyamlde 6 having a thickness of 15 pjn was laminated on the surface on which was applied the coupling agent, 
in the same procedure as In Example 2 to obtain a polyamlde resin-coated aluminum plate. For the aluminum plate 
obtained, the evaluation results are shown in Table 2. 

S5 [0051] From Tables 1 and 2, the following is apparent. 

(1) The resin-coated aluminum plates which Is non-porous with the porosity of 5% or less and whteh has an ano- 
dized film having a thickness of 50 to 3000 angstroms, a sllane coupling agent applied by an amount of 0.1-1 000 
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mg/m^ on the anodlzed film, and a coating fiim of a thermopiastic resin on the layer of the sllane coupling agent 
are superior in pressabllity and caulkabillty, and even when 10 days had passed since working, lowering of the 
adhesion strength at the worked portions or ply separation did not occur (see Exannples 1-6). 

(2) Even if It Is non-porous with the porosity of 1%, In the case of a thin anodlzed film having a thickness of 40 
s angstroms. It Is Inferior In press workability and caulkablllty and when 10 days had passed since working, the 

adhesion strength at the worked portions lowered £md ply separation occurred (see Comparative Example 1). 

(3) Also, in the case in which the surface-treated film is not a non-porous anodlzed film fonned by chromate phos- 
phate treatment or If It Is an anodlzed film but not seml-non-porous with the porosity of 30% or more, although 
pressing offers no problem, It Is inferior In caulkablllty and the adhesion strength at the worked portions lowers 

10 with time, so that ply separation develops (see Comparative Examples 2 and 4). 

(4) Even if It is non-porous with the porosity at 1% and the anodlzed film has a thtekness of 60-3000 angstroms, 
if the amount of the silane coupling agent Is less than 0.1 mg/hri2, it is Inferior In pressabllity and caulkabliity. and 
the adhesion strength at the worked portions lowers with time, so that ply separation occurs (see Comparative 
Example 3). 

15 

[0052] Next, description is made about Examples 7-1 3 and Comparative Examples 6*8. Measurement and Judgment 
of caulkablllty were made by the following method. Other measurements and judgments are as mentioned above, (c') 
Caulkabliity: While tuming the cylindrical containers 10 mm diameter x 20 mm high at a revolving speed of 100 rpm, 
a disk-like caulking roller (having a semicircular side of R=1 .5 mm) was pressed against it to caulk them so that the 
20 diameter would be 8 mm (diameter change rate = 20%), and the peel state between layers was visually observed. 
Confirmation was made for the 1 00 containers. Those having no ply separation were determined as non-defectives, 
and the evaluatton results are shown In terms of non-defective rate (%). 

[Example 7] 

25 

<PreparBtion of themrioplastlc resfn-coated aluminum plate> 

[0053] After the surface of an aluminum plate (alloy number: A1 1 0OP H24) having a thickness of 0.3 mm had been 
subjected to etching in a 10% sodium hydroxide aqueous solution at 50 ""C for 30 seconds. It was subjected to neu- 

30 tralizatlon in a 10% nitric add aqueous solution and rinsing for 10 seconds. Next, the aluminum plate was subjected 
to electrolyzlng for 120 seconds in 2% adipic acid ammonium aqueous solution with the eiectrolyzing voltage at 7 V 
and current density at 3.0 A/dm^ to form a non-porous anodlzed film having a thickness of 100 angstroms on the 
surface of the aluminum plate. After electrolyzlng, the aluminum plate was rinsed for 30 seconds and dried at a tem- 
perature of 120 ^'C . On the non-porous anodlzed film of the aluminum plate, bisphenol A type epoxy resin (molecular 

35 weight: 380, epoxy equivalent amount 180-200) dissolved In methyiethyiketone was applied with a roll-coater and 
dried by leaving It for 6 hours at nomrial temperature to fomi a coating having a thickness of 1 \im. This coating was 
heat-treated at 350 °C into a heat-modrfied coating. On the heat-modrfied coating, a coating film of poiyamide 6 having 
a thtekness of 15 ^m was laminated to obtain a poiyamide resln-coated aluminum plate. 

^0 <Evaluatlon of the product> 

[0054] For the poiyamide resin-coated aluminum plate obtained, the evaluation results are shown In Table 3. 

[Example 8] 

45 

[0055] Except that the electrolyzlng voltage was changed to 70 V and the thickness of the non-porous anodlzed film 
was changed to 1000 angstroms, a poiyamide resln-coated aluminum plate was obtained In the same procedure as 
In Example 7. For the aluminum plate obtained, the evaluation results are shown in Table 3. 

so [Example 9] 

[0056] Except that the electrolyzlng voltage was changed to 70 V. the thickness of the non-porous anodlzed film was 
changed to 1 000 angstroms, and the coating formed on the non-porous anodlzed fiim was changed to a coating com- 
prising oleic add. a polyamkie resln-coated aluminum plate was obtained In the same procedure as in Example 7. For 
S5 the aluminum plate obtained, the evaluation results are shown in Table 3. 
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[Example 10] 

[0057] Except that the electrolytic aqueous solution was changed to a 2% phosphate-ammonium aqueous solution, 
the electrolyzing voltage was changed to 140 V, the thbkness of the non-porous anodtzed film was changed to 2000 
s angstroms, the thickness of the coating comprising the bisphenol A type epoxy resin was changed to 0.1 pm, and the 
heat treatment temperature was changed to 270 . a polyamlde resin-coated aluminum plate was obtained in the 
same procedure as in Example 7. For the aluminum plate obtained, the evaluation results are shown In Table 3. 

[Example 11] 

10 

[0058] Except that the electrolytic aqueous solution was changed to a 2% sodium silicate aqueous solution, the 
eiet^lyzing voltage was changed to 200 V, and the thickness of the non-porous anodized film was ciianged to 2800 
angstroms, a polyamlde resin-coated aluminum plate was obtained in the same procedure as in Example 7. For the 
aluminum plate obtained, the evaluation results are shown In Table 3. 

13 

[Example 12] 

[0059] Except that the electrolytic aqueous solution was changed to a 2% adipic acid-ammonium aqueous solution . 
the electrolyzing voltage was changed to 1 80 V. and the thickness of the non-porous anodized film was changed to 
20 2500 angstroms, a polyamlde resin-coated aluminum piate was obtained in the same procedure as in Example 7. For 
the aluminum plate obtained, the evaluation results are shown In Table 3. 

[Example 13] 

25 [0060] Except that the coating fomned on the non-porous anodized film was changed to a coating comprising saltoyi 
alcohol, a polyamlde resin-coated aluminum piate was obtained in the same procedure as In Example 7. For the alu- 
minum plate obtained, the evaluation results are shown in Table 3. 

[Comparative Example 5] 

30 

[0061 ] Except that the electrolyzing voltage was changed to 3 V and the thickness of the non-porous anodized film 
was changed to 40 angstroms, a polyamlde resln-coated aluminum plate was obtained in the same procedure as In 
Example 7, For the aluminum plate obtained, the evaluation results are shown In Table 4. 

35 [Comparative Example 6] 

[0062] Exc^t that the coating formed on the surface of the aluminum plate was changed to a coating formed by 
treating with chromate phosphate (amount of chrome after drying: 20 mg/m^), a polyamlde resln-coated aluminum 
plate was obtained in the same procedure as in Example 7. For the aluminum plate obtained, the evaluation results 
40 are shown in Table 4. 

[Comparative Example 7) 

[0063] Except that the electrolyzing voltage was changed to 70 V. thethtokness of the non-porous anodized film was 
45 changed to 1 000 angstroms, and the heat treatment temperature of the film comprising bisphenol A type epoxy resin 
was changed to 200 ""G, a polyamlde resln-coated aluminum plate was obtained In the same procedure as In Example 
7. For the aluminum plate obtained, the evaluation results are shown In Table 4. 

[Comparative Example 8] 

so 

[0064] Except that the coating fomied on the surface of the aluminum plate was changed to an anodized film having 
a thickness of 3000 angstroms and a porosity of 30% or over, a poiyamide resln-coated aluminum plate was obtained 
in the same procedure as in Example 7. The anodized film was fomied by subjecting the surface of the aluminum piate 
to electrolyzing for 8 seconds with the electrolyzing voltage at 16 v and current density of 1 .0 A/dm^ in a 10% sulfuric 
55 acid aqueous solution at 20 °C. For the aluminum piate obtained, the evaluation results are shown in Table 4. 
[0065] From Tables 3 and 4, the following is apparent. 

(1) The thermoplastic resln-coated aluminum plates in which a non-porous anodized film having a thbkness of 
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50-3000 angstroms and having a porosity of 5% or less is fomned on at ieast one side of the aiuminum plate, a 
coating is formed on the non-porous anodized film by applying one selected from the group consisting of epoxy 
resins, fatty ackis, hydroxy-substituted phenols, and a theimoplastic resin coating film Is fonried on the coating 
are superior In pressability and caulkabiilty, and even when 1 0 days had passed since working, lowerf ng of the 
s adhesion strength at the worked portions or ply separation will not occur (see Examples 7-1 3). 

(2) Even If the porosity Is 5% or under (non-porous), If the anodized film is thin with a thickness of 40 angstroms, 
the plate Is inferior In pressability and cauikabiilty and when 10 days had passed since working, the adhesion 
strength at the worked portions lowers and pty separation occurs (see Comparative Example 5). 

(3) Also» In the case the coating formed on the surface of the aluminum plate is formed by treating with chromate 
10 phosphate (namely not an anodized film) or It Is an anodized film but has a porosity of 5% or over (not non-porous), 

although pressing is no problem, the plate will be Inferior in cauikabiilty and the adhesion strength at the worked 
portions lowers with time, so that ply separation develops (see Comparative Examples 6 and 8). 

(4) Even if the porosity is 5% or less (non-porous) and the thickness of the anodized film is 50-3000 angstroms. 
If the heat treatment temperature of the coating formed by applying an epoxy resin Is lower than 250 ""C, the plate 

IS will be inferior in pressability and cauikabiilty, and the adhesion strength at the worked portions lowers with time, 

so that ply separation occurs (see Comparative Example 7). 

[Examples 14-16) 

20 [0066] Except that the electrolyzlng voltage was changed to 70 V, elecrotyzlng was carried out In the same procedure 
as in Example 1 to form a non-porous anodized film having a thickness of 1000 angstroms on the surface of the 
aluminum plate. On the non-porous anodized film, siiane coupling agents shown in Table 5 were applied at a rate of 
50 mg/m2. After drying, the aiuminum plate was heated to a temperature of 250 ''C, and a film of polyamlde 6 having 
a thk;kness of 15 ^m was laminated on the surface on which was applied the coupling agents, In the same procedure 

25 as in Example 1 to obtain polyamlde resin-coated aluminum plates. The aluminum plates obtained were evaluated by 
the above method and the following peeling strength test. The evaluation results are shown in Table 5. 

(Peeling strength test) 

30 [0067] Specimens are prepared by rolling themrioplastlc resln-coated aluminum plates to 40% of the original thick- 
ness. The peeling strength is the maximum load required to peel the thennoplastic resin coating by a width of 20 mm 
in direction of 1 80 degrees at a rate of 50 mm/min. 
[0068] From Table 5. the following Is apparent 

[0069] The resln-coated aiuminum plates In whk:h a sllane coupling agent was applied at a rate of 50 mgfrv^ on an 
35 aluminum plate formed with a non-porous anodized film having the porosity of 2% or less and a thtekness of 1000 
angstroms, and in which a coating film of themnopiastlc resin Is formed on the layer of siiane coupling agent are superior 
in pressabtlrty and cauikabiilty, and even when 10 days had passed since working, lowering of the adhesion strength 
at the worked portions or ply separation do not occur. For the peel strength, aminosilane coupling agents showed the 
highest values. Thus the effect Is high. 

40 

(Example 171 

[0070] After the surface of an aluminum plate (alloy-number: A1100P H24) having a thickness of 0.3 mm had been 
subjected to etching in a 1 0% sodium hydroxide aqueous solution at 50 ''C for 30 seconds, neutralizing in a 1 0% nitric 

45 acid aqueous solution and rinsing for 10 seconds. Next, the aluminum plate was Innmersed In a 10% sulfuric acid 
solution and subjected to electrolyzlng at 20 ""C for 1 0 seconds with the electrolyzlng voltage at 1 5 V and cun^ent density 
at 1 .0 A/dm^ In 5% sulfuric acid to form a seml-non-porous anodized film having a thickness of 300 angstroms on the 
surface of the aiuminum plate. The porosity of the film was 25%. After electrolyzlng, the aluminum plate was rinsed 
for 30 seconds and dried at a temperature of 120°C . On the non-porous anodized film of the aluminum plate, an 

so aminosilane coupling agent was applied at a rate of 50 mg/m^ and dried. The aiuminum plate was heated to 250 °C. 
On the surface on which a coupling agent was applied, a polyethylene terephthaiate film 15 ^m thick was laminated 
to obtain a polyester resln-coated aluminum plate. For the aluminum plate obtained, the evaluation results are shown 
in Table 6. 

55 EFFECTS OF THE INVENTION 

[0071 ] The present Invention has the following advantages and the value of Its Industrial use Is extremely high. 
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1 . The thermoplastic resln-coated aluminum plate according to the present Invention Is less liable to develop ply 
separation or cracks In the coating resin layer when drawing or ironing. Also, the resin coating film is less lll<ely to 
peel off the aluminum plate. 

2. It Is superior in working adhesion and adhesion after worldng. Thus, even when time passes after working, 
5 lowering of the adhesion strength at the worked portions will not occur. Thus, no heat treatment after forming as 

proposed In Japanese patent publications 1-66030 and 2-1 8043 Is necessary. Thus the manufacturing steps are 
simplified. 

3. It Is extremely useful for the manufacture of fomned articles such as outer casing for aluminum electrolytic 
capacitors. 

10 
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TABLE 2 





Ccmp. Ex 1 


Comp, Ex. 2 


Comp. Ex. 3 


Comp. Ex 4 


porosrty 


1% or less 


treated wfth 
chromate phosphate 

20 (mjf/m^) 


Z% or less 


30% or less 


film thickness (A) 


40 


1000 


3000 


kind of silane 
coupdnff agent 


epoxy silane 
family 


amino silane family 


amino silane 
family 


amino silane 
family 


amount applied 


900 


100 


0.07 


50 


kind of 
thermoplastic resin 


poiyamide 6 


pofyamide 6 


pohyamtde 6 


poiyamide 6 


pressabilrty (%) 


70 


100 


80 


SO 


caulkabiiity (%) 


40 


80 


60 


30 


change wrth 10 days 
<%) 


0 


20 


0 


0 


evaluation 


. X 


X 


X 


X 
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TABLE 4 





Ccmp« Ex. 5 


Comp. Ex 5 


Ccmp. Ex 7 


Comp. Ex 8 




1% or less 


treated with 
chromate phosphate 




uu?t or less 


thickness of 
anodized film (A ) 


40 


lUQQ 


3000 


kind of heat- 
modtfied coating 


bisphenoi type 
A epoxy resin 


bi'sphenol type A 
epoxy resfn 


bisphenoi type 
A epoxy resin 


bisphenol type 
A epoxy resin 


amount appHed 


350 


350 


200 


350 


kind of 
thermoplastic resin 


polyamide 6 


po^yam^de € 


polyamide 6 


po^yamide 6 


presaabilHy (%) 


60 


100 


50 


60 


caulkabilHy (%} 


40 


30 


0 


10 


change with IQ days 
(%) 


0 


30 


0 


0 


evaluation 


X 


X 


X 


X 
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Example 14 


Example 15 


Example 16 




porosity 


2% or less 


2% or les^ 


2% or less 




^ film thickness (A) 


1000 


1000 


1000 


35 


kind of silane 
coupling agent 


amino silane 
family 


epoxy silane 
family 


acryi silane 
family 




amount applied 


50 


50 


50 


40 


kind of 
thermoplastfc resin 


polyamide 6 


polyamide 6 


polyamide 6 


43 


peeling strength 
(N/20mm wide) 


4.2 


3.8 


3.5 


pressabiirty (%) 


1 too 


100 


100 




[ caulkab^i^ty ('%] 


100 


100 


100 


50 


change wfth 1 0 days 
(%) 


100 


100 


100 




evaluation 


o 


o 


o 



For the silane coupling agents, the following is used, 
epoxy silane family: r •gtycydoxypropyftnethoxysilane 
amino silane family: ?^--aminop ropy Itriethoxy silane 
acryl silane family : 3*-methacryloxypropyltnmethoxysilane 
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TABLES 





Example 17 


porosity 


25% 


film thickness (A) 


300 


. kind of silane 


amino silane 


coupling agrent 


family 


amount applied 


50 


kind of 
thermoplastic resin 


pofyester 


prcssafainty (%) 


100 


cauikabilrty (%) 


80 


change %vith 10 
days (%) 


50 


evaluation 





For the sitane coupling agents, the foKowrng is used 
amino silane family: T^-ammopropyitnethoxysilane 



30 Claims 



1. A thermoplastic resln-coated aluminum plate comprising a semi- non-porous anodlzed film fomried on at least one 
side of an aiuminum plate, a coating layer formed on said semhnon-poroiis anodlzed film, and a thenmoplastic 
resin coating film formed on said coating layer. 

35 

2. A themnopiastic resin-coated aluminum plate as claimed in claim 1 wherein the porosity of said seml-non-porous 
anodlzed film is 5% or less. 

3. A thermoplastic resin-coated aluminum plate as claimed in claim 1 or 2 wherein said coating layer is formed by 
^0 applying one selected from the group consisting of silane coupling agent, epoxy resin, fatty acid and hydroxy- 

substituted phenol. 

4. A thentioplastic resin-coated aluminum plate as claimed in claim 3 wherein said silane coupling agent is an ami- 
nosilane coupling agent. 

45 

5. A themioplastic resln-coated aluminum plate as claimed In claim 3 or 4 wherein the amount of said silane coupling 
agent applied is 0.1-1000 mgfmfi. 

6. A thermoplastic resln-coated aluminum plate as claimed in claim 3 wherein the coating layer formed by applying 
50 one land selected from the group consisting of epoxy resins, fatty acids and hydroxy-substituted phenols is a heat- 

modified coating film fonmed by heat-treating at 250 ''C or over. 

7. A fonned article made from a thermoplastic resln-coated aluminum plate, which is fonmed by working the thermo- 
plastic resln-coated aluminum plate according to any of claims 1-6. 

55 

8. A fomied article made from a themioplastic resin-coated aluminum plate as claimed in claim 7, which is used as 
an outer casing for an aluminum electrolytic capacitor. 
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